sures, the interleaflet triangles, SOVs, sinotubular junction, and the annulus (10, 11) .
SOVs represent the expanded portions. The three sinuses of the aortic root between the attachments of the aortic valve leaflets inferiorly and the sinotubular junction superiorly. Each sinus denotes an aortic valve cusp and the three sinus nomenclature into right, left, and noncoronary sinus is based on the originating coronary artery from it. The noncoronary sinus is located above the interventricular septum and a portion of the anterior mitral leaflet; the right sinus lies in vicinity to the interventricular septum and the right ventricular parietal bands while the left sinus is proximal to the anterior left ventricular free wall and the anterior mitral leaflet (12) .
The sinotubular junction, the relatively constricted segment between the aortic root and ascending aorta, is circular and supports the peripheral attachments of the aortic valve leaflets (10) .
The aortic valve leaflets hemodynamically separate the aorta from the left ventricle. The nadirs of attachment of the aortic valve leaflets into the wall of the root in a semilunar fashion gives rise to virtual three-dimensional (3D) ring called as aortic annulus (10, 11) .
For accurate measurement, normally the SOVs are measured in double short-axis at the aortic root from coronary sinus to its opposite trigon. Another method for measurement of aortic root is named sinus-to-sinus measurement and usually performed from the right coronary sinus to the noncoronary sinus ( Fig. 5) (13) . A study of 103 patients with ECG-gated multidetector computed tomography (CT) has shown normal SOV end diastole measurement as 3.2±0.6 cm for men and 2.9±0.5 cm for women (14) . The study showed that aortic root diameter was associated strongly with body size and less strongly with systolic and diastolic blood pressure and stroke volume in univariate analyses, while the root diameter were shown to vary with age and body surface area in multivariate analysis (11) .
Functionally, SOVs play an important role in aortic valve function. They provide a space to prevent blocking of the coronary artery orifices from the open aortic leaflets. Secondly, they favor the development of eddy currents behind the open leaflets which in turn hold the leaflets away from the aortic wall in a position where they will be promptly caught and closed by blood flow during end systole (10) .
Clinical manifestations and complications of SOV aneurysms
SOV aneurysms may manifest at any age given their congenital and acquired etiologies. The clinical manifestations vary with asymptomatic presentation of the incidentally discovered unruptured aneurysms to severe aortic insufficiency and heart failure of the ruptured aneurysms (15) .
Unruptured SOV aneurysms
Overall, unruptured aneurysms are asymptomatic and are incidentally detected during imaging workup of heart murmurs or abnormal cardiomediastinal silhouette on radiograph (16) . Rarely, they may present with dyspnea, palpitations, arrhythmias, or angina chest pain. Thrombus can form in large SOV aneurysms ( Fig. 6 ) with subsequent risk
Main points
• Sinus of Valsalva (SOV) aneurysm is dilatation of one or more of the aortic sinuses, which is a rare but important aortic root defect that can be a cause of some serious cardiac sequels.
• SOV aneurysms may manifest at any age given their congenital and acquired etiologies.
• Cross-sectional imaging plays a pivotal role in diagnosis, presurgical planning, and postsurgical follow-up of SOV aneurysms.
• Surgery has been conventionally and commonly used treatment option for repair of SOV aneurysms; either ruptured or unruptured. However, recently, various percutaneous closure techniques are gaining popularity in certain scenarios. of systemic embolism and stroke (17) . Mass effect from large SOV aneurysm can distort or obstruct the coronary ostia thereby leading to myocardial ischemia and infarction (18) (19) (20) . Both ruptured and unruptured SOV aneurysms can be commonly complicated with aortic regurgitation (AR) which occurs in 30%-50% of patients; therefore requiring aortic valve function evaluation with echocardiogram or magnetic resonance imaging (MRI) (21) and need for aortic valve replacement at the time of surgical fixation of the aneurysm. Based on the location and extent of SOV aneurysm, mass effect on adjacent cardiac structures can occur with impairment in tricuspid and mitral valves function, or partial obstruction of the right ventricular outflow tract. Few case reports describe their rare complications including aneurysmal dissection into the muscular interventricular septum with resultant arrhythmias, heart block, (22) and infective endocarditis (23) . SOV pseudoaneurysm is extremely rare. It is an outpouching of any of the three SOVs resulting from a deficiency in the tunica media and intima. The vascular lumen is contained by either adventitia only, clotted blood, or surrounding structures. SOV pseudoaneurysm may be spontaneous, traumatic, or infective (24, 25) . It can lead to the same complications as the true aneurysm.
Ruptured SOV aneurysms
A ruptured SOV aneurysm is a potentially fatal complication. The size, location, and rapidity of rupture are the major elements predicting clinical consequences. The most common sinus to rupture is right coronary or noncoronary sinuses with the right ventricle being the most common site of rupture ( Fig. 7) , followed by the right atrium (26, 27) .
Other less common sites of rupture in descending order include right ventricular outflow tract, left ventricle, the interventricular septum, left atrium, and extracardiac space (26) . Rupture into the extracardiac space although rare has generally higher mortality with critical complications of cardiac tamponade (14) . Symptoms of rupture include substernal chest pain, abdominal pain, and dyspnea. Not uncommonly, patients may present with acute heart failure, hemodynamic compromise, or sudden cardiac death (20) . Ruptured SOV aneurysms can predispose to formation of para-aortic abscess and endocarditis (15) .
Multimodality imaging of SOV aneurysms
SOV aneurysms vary in size from subtle dilatation of an aortic sinus to overt crescentic or windsock-shaped exophytic projection
Cross-sectional imaging of sinus of Valsalva aneurysms from the body or apex of the sinus (3). They can also manifest as saccular outpouching or as mass. Many classification methods have been described for SOV aneurysms, with Sakakibara classification of ruptured aneurysms based on originating cusp and the receiving/drainage chamber being the most commonly used method in the surgical literature (Figs. 8, 9, 10; Table) (28) . Chest radiograph findings are nonspecific and are based on SOV aneurysm location, size, and presence or absence of rupture. Patients can present with abnormal cardiomediastinal silhouette and minimal to moderate increased pulmonary vascularity. However, patients' right ventricular outflow tract obstruction can manifest with decreased pulmonary vascularity (29) .
Conventional angiography, the gold standard test in the past, continues to be used during percutaneous intervention settings (30) . However, noninvasive cross-sectional imaging modalities, consisting of echocardiography, cardiac CT, and cardiac MRI have essentially replaced it.
Transthoracic echocardiography is the first screening modality of choice given its good sensitivity, wider availability, and portability (31) . Many studies have reported >90% accuracy of echocardiography for detecting the SOV aneurysm with common fallacy being the incorrect detection of the rupture site (23). Transesophageal echocardiography due to its better acoustic window and higher resolution helps in more accurate characterization of the aneurysm (23, 32).
SOV aneurysms may be discovered incidentally on chest CTs performed for other reasons. Contrast-enhanced ECG-gated multidetector cardiac CT angiogram due to its inherent high spatial resolution, improved temporal resolution, wider availability, and rapid scan acquisition is very well suited and commonly used noninvasive modality for evaluation of SOV aneurysms (Fig. 11) , cardiac chambers (4, 33) and its relations with the coronary arteries (26, 34) .
At our institute, cardiac CT angiography parameters for evaluation of SOV are as follows: given the patient's normal renal functions (eGFR, ≥60 mL/min/1.73 m 2 ), 70-100 mL iodinated contrast was given based on the body mass index (BMI) usually through the right antecubital vein with an injection rate of 5-7 mL/s and using triphasic injection technique with dual syringe power injector. The scan length is about 16 cm (carina to apex of heart) and the field-of-view is 25 cm using 80-140 Kvp (depends on the BMI) and 200-500 mAs.
The effective radiation dose depends on the ECG gating technique: it is 1-6 mSv for prospective triggering (during diastole), which is used if there is regular heart rate <65 bpm; but it is 10-15 mSv for retrospective gating, which is used if there is irregular heart rate, heart rate >65 bpm, or if dynamic information about aneurysm filling and emptying or movement in different phases of the cardiac cycle is required.
If retrospective gating is used, tube current dose modulation is performed since dose modulation is known to reduce the radiation dose.
A 64-detector CT scanner or higher detector scanner is the preferred technique and subsequently images are sent to dedicated 3D workstation for multiplanar and volume rendered technique postprocessing for accurate localization, measurement, and for providing road map to clinicians to decide about the management.
Multiplanar cardiac MRI plays an important role in the SOV aneurysm assessment due to its lack of ionizing radiation, ability to quantify ventricular functions and aortic regurgitant fraction, better temporal resolution, and assessment of wall motion abnormalities. However, MRI has lower spatial resolution as compared with CT. Combination of various MRI sequences such as balanced steady state free precession (SSFP)/bright blood imaging, single-shot turbo spin-echo, black blood imaging (Fig. 12 ) and contrast-enhanced magnetic resonance angiography allows accurate assessment of the origin and size of SOV aneurysms, thrombosis of aneurysm, and its relation with the surrounding cardiac and mediastinal structures (4, 30) .
SOV aneurysms may be associated with several other congenital cardiac abnormalities (4) and cross-sectional imaging can be useful for their assessment. SOV aneurysms have been associated with bicuspid aortic valves (Fig. 13 ) in approximately 10% of cases (35) . Bicuspid aortic valves due to accelerated degeneration predispose to aortic aortopathy manifesting as aortic valvular stenosis (36) , ascending aorta and aortic root dilatation out of proportion to hemodynamic factors, and true SOV aneurysms (37) (38) (39) . The most commonly reported associations are VSDs (30%-60% of patients). Other associated conditions include aortic insufficiency (20%-30%) (35) 
Treatment planning and management of SOV aneurysms
Surgery has been conventionally and commonly used for repair of SOV aneurysms. Following successful surgical repair of a ruptured aneurysm, the prognosis is excellent with 10-year survival rates of 90%-95% (45, 46) . Surgical repair is indicated for ruptured aneurysms and unruptured SOV aneurysm with associated congenital defects like VSD, or complications like aortic regurgitation, mitral valve incompetence, right ventricular outflow obstruction, infection, and myocardial ischemia (47) . The three surgical routes described consist of aortotomy through the aortic root, through ruptured cardiac chamber site of aneurysm, and combination of both (16, 48) .
Recently, various percutaneous closure techniques (45, 46) are gaining popularity in certain scenarios; for example with the rupture opening site less than 9 mm in diameter and the distance between the SOV opening of the ruptured aneurysm and the coronary artery not less than 5 mm (49). Various reported closure devices used in such condition include Rashkind umbrella, septal and ductal occluder devices, and Amplatzer vascular plug (16) .
Patients with unruptured, stable, or asymptomatic SOV aneurysms are usually followed clinically and with imaging. Society guidelines regarding management of aortic aneurysm in general are applicable for unruptured SOV aneurysm (48) . One study of 53 cases proposed for anticoagulation of patients with unruptured stable aneurysms, and 6-monthly imaging follow-up. In this study, surgical repair was performed in the presence of symptoms, or the affected sinus size more than 50% of the average size of the other two normal sinuses, compressive or distortive effects on surrounding chambers, or with size increase on follow-up imaging (46, 50) .
Conclusion
SOV aneurysm is a rare important aortic root defect, which can be a cause of some serious cardiac sequels, but easy to remain undiagnosed in busy clinical practice setting. Hence increased awareness of A concurrent VSD is uncommon.
III
The aneurysm originates in the posterior portion of the right coronary sinus.
IIIv: The aneurysm projects into the right ventricle behind the septal leaflet of the tricuspid valve after penetrating the membranous septum.
IIIa: The aneurysm protrudes into the right atrium.
VSD is rarely encountered.
IV
The aneurysm originates in the right portion of the noncoronary sinus and ruptures into the right atrium.
A combined VSD is uncommon. 
